


ADDRESS REPLY TO:

U. 5. ARMY ENGINEER DIVISION, NEW ENGLAND
CORPS OF ENGINEERS

424 TRAPELO ROAD
WALTHAM 54, MASS.

DIVISION ENGINEER

REFER TO FILE NO,

Yy May 1962
NEDGHW

SUBJECT: Design Hemorandum on Nantucket Harbor, Massachusetis
(Minor Rehabilitation - Rast Jetty)

TO: Chief of Engineers
ATTN: G CHE
Departient of the Army
:‘!&Shiﬂgton 25; Dv Co

1. In accorcance with T 1110-2-1150, 1151 and 1152
Engineering and Design, Definite Project Stucdies, dated

15 Januzry 1962 and letter EIGCH-Z, dated 2L luzust 1960,
Subject: Rehahilitation Projects - Definite Project Studies,

there ave inclosed ten (10) conies of the design memorandum

on the subject nroject. The work involved is the repair of

the east jetty at Vantucket Harbor, Massachusetts, the cost

of which falls within thz scene of »roiects defined as sinor
rehabilitation projects.

2o In accordaree with the above-refeorenced authority,
the desimn uemoraendunm is forwarded for raview and apgproval.
Punds in the amount of $110,000 have been allocatzd in FY 1962
for rehabilitation of the esast jetiy at Nentucket Herbor,
tagsachusetts, :dditional funés in the amount of 140,000
are required, Recommendation with respect to funding this
amount will be nade by separate corrssnhondence, Work is
scheduled to b: advertised in ay 19562,

1 Inel (10 cys) OO J. ROEDE
as Celoncl, Corps of dngineers
Acting Division Ingineer



U, S, ARMY ENGINEER DIVISION, NEW ENGIAND
CORPS OF ENGINEERS
k2l TRAPELO ROAD
WALTHAM , MASSACHUSETTS

4 May 1962
NEDGW

DESIGN MEMORANDUM O

NANTUCKET HARBOR, MASSACHUSETTS
(MINCR REHABILITATION - EAST JETTY)

PERTINENT DATA

- 1 A summary of the physical features and costs of the repairs
to the existing Federal east jetty abt Nantucket Harbor, Massachusetts,
iz as follows:

Features Present Estimate (1962)

Repairs to existing east jetty
to restore structure to nroject
PUrpPOSEs $250,000

PROJECT AUTHORTZATION

2. The existing project for the imorovement of Nantucket Harbor
was authorized by the River and Harbor Act of 1880 and supplemented
by the River and Harbor Acts of 1886 and 1945,

3. The project as authorized provides for a chammel about 1.6
miles long, 15 feet deep, without prescribed width, through the bar
at the entrance, two riprap jetties, one on the east side 6,987
feet long and one on the west side 5,755 feeb long. The west jebtty
was auvthorized in 1880 and the dredging and east jebly was authorized
in 1886, Authorizations for these improvements were not subject to
any requirements of local cooperation.

ba The River and Harbor Act of 1945 authorized further improve-
ment of the harbor to provide for an anchoraze 15 feet deep, 300 to
1,100 feet wide in the harbor and a fairway 15 feet deep, 200 feet
wide on the west side of the anchorage, This improvement was aubhore
ized subject to the conditions that local interests furnish free of
cost to the United States sultable spoil disposal areas for new work
and subsequent maintenance, when and as required; contribute the sum



of $31,500 in cash or dredging; and hold and save the United Statas
free from all cleims for damages which might result from the improve=
ment, In fiscal year 1957 furds were allocated for construction of
this project modification. Subsequent to the appropriation, local
interests indicated that the changing navization needs in the harbor
rendered the 15~foot anchorage provided by the 1945 project modifica-
tion wnnecessary and cxpressed a desire that the funds appropriated

be used for jetty probaction inside the harbor, and alse to raise

the existing jetties at the entrance, A sbudy is presently authorized
to determine whether the existing project shouvld be modified to provide
for a jetty inside the harbor. Additional heisht to the existing
entrance jetties can be provided under existing project authorization
if found to be feasible and economically justifised,

5¢ In view of the opposition by local interssts toward the
1945 modification as expressed of ficislly by the Board of Selecimen,
the work was placed in the inactive category in 1957. The latest
approved estimate of cost for this work is ;193,000 (1957 level) of
which the local cash contribution is 331,500,

6. All work on the jetties at the entrance was completed by 1207
and all iwprovement dredging was completed by 1915. The total costs
to date incurred in connection with the existing nroject are 457,000
for naw vork (divided approximately as follows: west jetty 135,000,
sast jetty ;189,000 and dredging ,133,000) and 312,000 for maintenance.

LOCALTION

7. Nantucket Harbor is on the north side of Nantucket Island,
which 1lies in the Atlantic Ocean about 25 miles souvth of Cape Cods
The approach to the entrance te the harbor is through the relatively
deep water of Nantucket Sound, The entrance channel, 300 feet wide
and 15 to 20 or more feet deep, lies betueen eowercing jetties, and
extends from deep water in the sound southerly to and around Brant
Point into Nantucket Harbor,

TRIBUTARY ARTA

8 Nanbtucket Island has & land area of about 88 scuare miles and
a year-round population of about 3,700, The commercial and residential
interests center in the village of Nantucket. The largely increaged
summer population is spread to colonies in other parts of the island,
The principal industries are fishing, and caterinz to the needs of
gummer visitors., There is little agriculbure and no manufacturing.



Passenczers and freight are carried on the steamboat which plies
regularly between the island and ‘oods Hole on Cape Cod. Cargoes are
also carried by contract and private carriers at irregular intervals.
There is no railroad on the island, The outlyinz summer settlements
are connected with the village center and commercial harbor by improved
roads,

INVESTICATIONS

9. History of the Jetties, - The tidal inlet at Nantucket has
been the subject of reports since 1829, The report of 1829 advocabed
dredging a channel through the bars. It was believed at that time
that a dredzed channel wo-ld be self-maintaining without jetty pro=
tection, The controlling depth over the bar at the entrance was then
6 feet at mean low water. On the basis of ths 1829 report appropriations
were made for dredging and betueen 1829 and 1832 . sbout 45,000 was
expended for that purpose, However, no beneficial effect was attained
since the channel filled in rapidly. Records do not show any further
attempt to improve the entrance without jetties.

10, The first project for jetty construction was adopted in 1880
when construction of the west jetly was started., This project was
based on a report made in 1879 printed in House Document Ho. 18, LSth
Congress, 2¢ Session which contemplated a jetty having a top height
of 5 feet above mean low water, trianguler in section for a distanes
of about 1,000 feet and then L feet wide on Lon for the outer 2,500
feet with side slopes throughout of 1 on 1. The purpose of the
jetbty was to concentrate the ebb tide to encourage scour in the
entrance channel to attain a denth of 12 to 1h feet, and to prevent
littoral drift from filline in the chamel. It was considered at
the time that a jetbty on the east side of the harbor wnight be
necessary. Dredzinz was not contemplateds During construction of
the west jetty, careful observations were made to determine the effect
of the structure with the view that if the west jetty failed to
producé the desired scour, the east jebty would be started. By
1885, 3,955 feet of ths west jetty was constructed with no appreciable
affect on the depth of water in the channel. Based on a study made
in 1885, the results of which are contained in the sAnnual Report of
the Chief of Bngineers of 1885, the project was modified to provide
for construction of the east jetty. Under the new plan, & location
and desiecn for the east jetty was adopted and a 15~foot channel was
to be obtained by dredging, if found necessary. The east jetty was
to have the same trapezoidal full section as the west jetty for a
distance of 2,500 feet from shore and then a half-tide section for
the remaining distance of about 4,500 feet out to the 15-foot contour,
a total distance of about 7,000 feet. Cross sections are shown on
Plate 1,



11, Construction of the east jetty began in April 1886 and was
conbinued on wntil 1907 as appropriations werereceived, By that
time the Jetty was constructed to full cross-gseetion for a distance
of 834 feet and at half-tide section for a distance of 6,153 feeb.
The total length constructed was 6,987 feet, which is also the
present length of the jetty. Between 1897 and 1900, the west jetty
was extended sn additional 1,000 feet of which 600 feet of the
outer end was brought to full section and LOO feet to halfwtide
level,. The total constructed length of the west jetty was 1,955
feet, . Since 1900, no work has been attempted to complete the’
remaining 800 feet of the authorized and contemplated length of
5,755 feet for the west jetty. Completion of the west jetty was
placed in an inactive status in 1952,

12, Despite the completion of the west jetty to its present ~
dimensions in 1900 and all but the outer 2,1Lh7 feet of the east
jetty by 1904, the least depth of the chamnel secured by tidal
scour along had not increased by 1905 beyond the 8 feet reported in
1894, Accordingly, dredging was considered necessary to achieve the
desired channel depth. In 1905, dredging was performed and a channel
12 feet deep, 200 feet wide was secured., Additional dredging opsra-
tions were carried on in 1910, 191} and 1915 resulting in a channel
15 feet deep, and generally L50 feet wide. Since 1915 the channel
hag been maintained to a width of 300 feet,

13. Jetty Maintenance., - Maintenance work on the east jetty
was first performed in 1917 when the stone mound for the light at
the outer end was reconstructed at a cost of 5,300 for the placement
of 1,793 tons of stone. The section adopted for the east jetby in
1885 was Iy feet wide on top, the same as the outer end of the west
jettys Probably due to washing down by wave action, the section shown
on a drawing dated 1922 is 6 feet wide on top. Subsequent repairs
were made to this dimension., In 1926 repairs were made to the east
jetty covering all but the outer 300 feet at a cost of about 42,000,
The east jetty was again repaired in 1936 - 1937 at various points
involving the placement of about 15,900 tons of stone at a cost of
about $57,000, No repairs have been made on the east jetty sinece
1937 ILxcept for some sbone placed in 1894 to counteract settlement
in the structure, the west jetty has not been repaired since completion
of new work performed in 1900, The jetty has suffered some damage
since that time. However, the present cordition of the west jetty
is fair to good and can be repaired with ordinary operations and
maintenance funds., Consequently no further consideration will be
given to rehabilitation of this structure,




1. Dredeing Maintenance, - Since 1915 when the present project
channel of 15 feet was secured, maintenance dredging in the entrance
channel was performed L times as follows:

Year Location Volume (CoVa) Amount
1925 Inner end of 23,000 »13,862
entrance channel
1929-1930 Enbire entrance 86,333 532,334
channel
1936-1937 Inner and outer 131,666 12,706
bars L
1959 Entrance channel 70,547 &35301h(1)

(1) Performed by Hopper dredge,

On the basis of the above record, maintenance dredging is required
about once every ten years involving the removal of about 7,000 cue
yds. annvally, Although maintenance was performed by hopper dredge,
which in this area is substantially less than if it were accomplished
by contract, it is estimated that the average annuval maintenance cost
wnder contract operations would be about 15,000 annually,

15, Suitability of Desien as Constructed, - The jetties at the
entrance were congtructed to provide a means of creating scour to
provide and maintain an adequate entrance channel and to trap littoral
drift from £illing the channels, In addition to the above purpose
the jetties also served as breakwaters and vrovided in some measure
a safe entrance to the harbor, although the constructed height
(half tide level) of the east jebty is considered by navigation
interests to be somewhat less than that desireds. Since their
complebion, the jetties have served the ovurpose intended. This is
evidenced by a comparison of rate of shoaling prior to the construction
of the jebtiss when the record indicates that a 17-foob dredged channel
nearly filled to the natural deoth of 6 feet after one storm with the
record of the minor rate of shoaling since completion of the jetties
and the initial dredging in 1915, The present condition of the jetties
and the amount of repailrs regquired since their completion indicates
the suitability of the design of the structures. The west jetty has
never been repaired since 1900 and is presently in fair to good condition.
The east jetty has been subject to repair 3 times since 1907. Stone
losses in the period 1907 to 1961 amounted to about 37,000 tons or an
average of about 700 tons/year,




16.. The original study in 1885 for the east jeity considered
a height and a top width sufficient to control the tidal prism to
create scour and to withstand the effect of ice, The effect of
wave attack was not considered, In view of these considerations
83k feet of the inshore end of the cast jetty wers constructed to
a full section having a top widbh of L4 feet at elevation +5 feeb
above mean low water and side slopes of 1 on 1, The remaining
lensth was constructed to a half-tide section at elevation of +1.5
feet above mean low water, OStone sizes used were 1 to 1% ton cover
stone over a core of smaller stone weighing 5 to 200 1lbs, Even
though the structure effectively withstood serious wave damage, it
is considered that heavier cover stone then originally placed should
be used in rehabilitation works,

17. Data and Criteria Used in the Desisn Developed for Repair
of the Fast Jetty, = Vave refraction studies were not made to select
a design wave, 1t was considered that a design wave could be
reasonably established from hindcast statistics,

18, Hindcast statistics published by the Beach Erosion Board
(TM Noo 55) indicate waves from the N© off Cape Cod wp to 30 feet in
heights Inasmuch as the depth of water off the structure weuld not
support waves of 30 feeb, the design wave has been determined on the
basis of water depth.

19, Soundings just off the jetty to the east indicate a depth
averaging about 5 fset al mean low water. The mean range of tide is
3,0 feet and storm tides of L.O feet can be cxpected, Therefore,
the depth available to support a wave approaching the jetty is 9.0
feet, Waves over 7.0 feet would bresk in 9 feet of water, The
predominant waves and most severe storms originate from the northeast
quadrant. Although there are shoal areas between Fonomoy Point and
Great Point, waves of 7 feet in height and greater could be sustained
at the depth of these shoal areas, Consequently, the largest wave
that could be sustained before breaking at the site of the jetty is
taken as 7.0 feet,

20, This jetty, if bullt to & height that would stop all
overtopning, would be economically unfeasible, Various crest elevations
were considered to determine what height would reduce a 7-fool wave
to one that would not be damaging to ships entering the channel,

From Figure 76 in Technical Report NYoa L, it was determined that in
a depth of 9 feet, a crest elevation of +5 feet ULV (Jjetty height

of 10 feet) would reduce a 7-Ffoot wave seward of the structure to

a wave height of 2 feet on the nrotected sids of the siructure. The
crast elevation of +5 feet above mean low water is the same as
recormended in 1880 by the District Engineer,



21, However, in view of the cost involved in raising the major
portion of the jetty to an elevation of 45 feet MIW and the relative
effectiveness of the jetty at its present height of +1,5 feet HLW in
maintaining the channel, an elevation of +3.0 foet above mean low
water, the height of mean high water, was selected in the rehabili-
tation plan, Such a height is considered reasonable for the following
reasons:

as Cost of rehabilitation will be kept within reasonable
limits,

be The limited additional height of 1.5 feet (from halfw
tide to full tide elevation) will be more efrective in controlling
flow and promoting scour thus reducing maintenance cost for dredging,

¢. lore nrotecticn will be provided for the entrance
channel,

de The need to strenrthen the stability of the structure
by use of larger cover stone requires additional 1,5 feet of height
to the jetly.

ee Tidal flow over the east jetty which is very troublesome
to ships navigating the channel, tending to set them over on the west
bank of the channel will be minimized.

22, The desisn criteria used to compute the weight of stone
required for the meximum wave are as follows:

Desicn wave » 7.0 feet (breaking wave)

Unit weight of stone in pound = cue fte = 165
Haight of jelbty = +3.0 feet above mslew,

Side slope = 1 on 13

K4 factor - 2,5

Based on the above criteria the weirht of cover stone is compubed
from the WES-Hudson formula as follows:

Wp Hﬁ.
Kq {(Sr-1)3 Cot a
165 (7) 3
o8 (2.57=1)3 1.5

2 Lonse

Y =

#

i



23s At a top elevation of +3,0 feel above mean low water, a
7-faot wave approaching the jetty at storm tide would break above the
structure, Most of the energy would therefore be dissipated and it
would appear that damage from this wave would be less than a wave
occurring sometime between mean high water and mean low water. Such
waves would break immediately on top or against the slopes At low
water the maximum depth available to support a wave is about 5 feeb
and at averaze high water 8 feet., Waves that would break at the
structure during these periods are L and 6 feet respectively.
Application of the WES-Hudson formula, using a Ky factor of 2654
would result in stone size smaller than that determined for the 7=
foot wave., It is therefore concluded that a desizn stone size of
2 ton is adequate and will provide for a satisfactory factor of safety.
The head of the jetty was rebuilt in 1917 and since that time has
remained in a satisfactory condition. Yo werk is contemplated at
the head of the jebby.

2l In order to provide for proper interlocking of the stone
it is considered that cover stone should range from a size equal to
80% of the design size of stone, or 1% tons, to about 20% above design
stone size, or 2% tons, No more than 25% of stone less than 2 tons
will be permitted., Stone sizes greater than design sbone would be
limited by pay lines established. This range of stone size will
provide for adequate strength and permit sufficient flexibility in
construction procedure to attain proper interlocking between the new
stone and the existing stone. In the relatively few instances where
use of design stone will exceed proposed height and permitted tolerance,
existing stone will be moved and reset so that proper interlocking will
be achieved,

25, Necessity For Repairs. = There is no indication that the
need for the jetties at the entrance to Nantucket Harbor will change,
Since the existence of the cummunity on the island is dependent upon
its harbor for communication and supplies to and from the mainland
and since ibts primary industry and economy is dependent upon a protected
harbor with a safe approach channel with adecquate depths, it is
necessary and essential that the jetties be maintained in a condition
to perform the purpose for wrich they were constructed, ithout
proper jetties a navigable channel of sufficient depth to serve the
island would be difficult to maintain at reasonable cost. It is
considered that the height to which the sast jetiy was constructed
is critical and is the minimum height that should be tolerated,
Further deterioration of the jetiy is not advisable.




PROJECT PIAN FOR REHABILITATION

26e. .The plan to rehabilitate the east jetty is shown on Plates
2 and 3 and L. Basically; it provides for placing a cover of stone
ranging from 1} to 2% tons on or around the existing structure, - The
smaller stone will be used to fill the voids between the irregulayr
existing stone ard the new cover stone, and to provide a means of
interlocking stone properly. In order to keep the cost of rehabile -
itation to a minimum, the existing cross sectional area of the jebty
will be uged as much as possible., Consequently, deviations will be
made from the centerline of the original structure, . It is nobt
considered that these deviations will significantly affect the
appearance or effectiveness of the structure.  In those areas where
existing jetly elevations do not permit the placement of a new sbone,
the existing stone will be moved to the extent absolutely necessary
for stability of the toe of slope, and reset together with new stone
to attain good interlockinge

27. . For 83l feet of the inshore end of the jetty, the plan
provides only for repair between stotion 5+00 to 6+50 at elevation +5
feet above mean low water, a top width of 6 feet, and side slopes of
1 on 1% as shoun on Plate 3, The remaining length of the jetty will
be constructed to the same cross sectional dimensions except for a
top elevation of +3 feet above mean low water,

COST ESTIMATE

28, The estimate of cost for repairing the east jetty is based
on volume of stone to be placed within the proposed cross sectional
areca as determined from a cross section survey of the existing structure
made in April 1961 and umit prices obtained during 1961-1962 for
similar work., The estimate of cost is as follows:

Contract
15,000 tons of stone @ ;1l,50 218,000
Contingencies 10,000
$228,000
Sngineering and Desisn 3,000
Supervision and Administration 19,000
Total 250,000



29,. The current cost estimate is greater than the ;110,000
allocated and available for rehabilitation of the structure by
5140,000,. The budget estimate of %110,000 was based on restoring
the jetty to its constructed height of +1.5 feet above mean low
water and to the constructed cross section area of original jetiy..
The present design provides for an additional height of 1.5 feet and
a flatter side slope of 1 on 1% to give the jetty more stability
through use of heavier stone and reduce maintenance costs. The present
design section is considered to be the minimum required to permit use
of adequate sized stone; to provide for a better protected entrance
channel through reduced wave action and elimination or reduction of
tidal flow over the jetty and across the channel which is hazardous
to navigation; and to promote scour in the channel with resultant
reduction in maintenance dredging cost,

SCHEDULS FOR DESICN AND CONSTRUCTION

30, Field investigations consisting of profiles and cross=-
sections were completed in April 1961, Design studies are complete
and nreparation of plans and specifications ara about 70% complete.
Tnvitations for bids are scheduled to be issued 18 lay 1962 with bids
gcheduled to be taken 5 June 1962, Construction is scheduled to begin
about 15 July and be completed in & months,

31. Funds in the amount of $110,000 have been allocated for
rehabilitation in fiscal year 1962, Additional funds in the amount
of $140,000 will be required to complete the repairs to the east
jetty as designed and recommended.

BENEFITS

32. Benefits were nobt evalu:ted at the bime the jetties were
authorized in 1880 and 1885. The jetties were constructed to provide
and maintain an entrance channel of adequate depth to an island community
whose enbire economy is dependent primarily upon water transportation.
Further, the island of Nantucket is located near prolific fishing grounds
which contributes to the nations food supnlye. As a harbor of refuge
for the fishing craft at the fishing srounds and the recfreational
craft in the waters along the coast of Massachusetts and Rhode Island,
the value of Nanbtucket Harbor is unquestioned. Continued provision of
a gafe entrance channel with adequate depths is therefore paramount.

10



33, From experience gained at the harbor in 18291832 at the
time of the initial dredging when the channel is said to have filled
in after one storm and the experience gained in maintaining a channel
since construction of the jetties; it is certain that a channel
could not be maintained at reasonable cost without the jetties. The
measure of the value of the benefit of the jetly is therefore the
amount of reduction in amnual maintenance dredging cost which has
been experienced and should be continued. The jetties have been in
useful operation more than the usual life of 50 years, The proposed
rehabilitation would give better than an additioral 50 year of life
to the structure., Based on the design proposed it is considered
that the average amnual cost of maintenance of the rehabilitated
structure would be less than experienced on the structure in the past,

3L, Commerce in the harbor averages well over 30,000 tons pe&r
year consisting principally of fish, mas, oil, lumber and other
commodities essential to the economy of an island community. In
addition, more than 175,000 passzngers and 15,000 automobiles are
transported by the ferry connecting the island to the mainland,
Vessel trips in and out of the harbor averaze in excess of 1,500
annually with about 1,100 trips made by vessels with drafts reguiring
a 15=-foot channel,

35, The average annual charges for rehabilitabing the structure
involving the investment of $250,000 at 2-5/8 percent interest for
an additional life of 50 years are estimated to be $10,000 including
average annual maintenance of $1,000 for repairs to the jetlty after
rehabllitation,

36, Nantucket Harbor is the only harbor on the island and is
essential to the existence to the inhabitants of the island and to
the extensive fleets of fishing and recreational craft that use the
harbor as refuge., Large ferries plying between Nantucket, Woods Hole
and Martha's Vineyard must have unrestrictzd access to the harbor at
all times. Rescue opserations by the Brant Point Coast Guard Station
are dependent upon adequate channel aceess to the harbor, Loss of
the use of the port would jeopardize life and property in time of
storm and would cause collapse of the economy of the island. Repairs
to the east jetty are urgently needed to prevent further deterioration
and to maintair the effectiveness of the harbor as a refuge and to
prevent excessiwve shoaling in the channel., The average annual charge
of $10,000 dve to rehabilitation of the structure is considered well
justified in view of the benefits to be received through reduced
maintenance cost and importance of the channel to the communitys

11



RECOMMENDAT TON

37, It is recommended that the east jetty at Nantucket Harbor
be rehabilitated to the extent provided in the project plan to
provide continuous protection ab an investment cost of ;250,000

3 Inel
1, Cross-section of original jetties
2, Project Plan
3, Cross-Section of East Jetty (2 shts)

12
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